Industrial sector is the largest user of energy in India and in many parts of the world. The pulp and paper industry accounted for 6% of total global industrial energy consumption, being the fourth largest energy consumer worldwide. For India, energy audit of a paper carton manufacturing unit was earlier reported with the following results. The specific electrical and thermal energy consumption was estimated as 91.85 kWh/ton and 1619 MJ/ton paper respectively. Annual energy saving potential was found to be 5.9% of the total annual energy consumption. With a view to identifying energy conservation and CO 2 mitigation opportunities in writing, tissue, and craft paper production, this article presents energy auditing of a paper industry (Orient Paper Mills) in Amlai, Shahdol, Madhya Pradesh, India. The specific energy consumption of the typical paper industry in India was evaluated as 34.3 GJ per ton paper and specific CO 2 emissions as 3.4 tons CO 2 per ton paper. Some energy conservation opportunities for this industry were identified with significant energy saving (nearly 3.5%) and money saving potential with payback periods not exceeding 2 years in general.
Introduction
The industrial sector is the largest user of energy in India and in many parts of the world. The pulp and paper industry was responsible for about 6% of the world total industrial energy consumption, being the fourth largest industrial energy user worldwide [1] . Several energy auditing studies have been reported for pulp and paper industry recently. For Netherlands, the average specific For China, average primary energy intensity for paper production was reported as 11 GJ/ton paper and CO 2 intensity as 1.04 tons CO 2 per ton paper [2] . However, energy use in pulping was not included in this study. For India, energy audit of a paper carton manufacturing unit has been reported [3] with the following results. The specific electrical and thermal energy consumption was estimated and found to be 91.85 kWh/ton and 1619 MJ/ton paper. Annual energy saving potential was found to be 5.9% of the total annual energy consumption [3] .
For energy security and sustainability in Japan, Barai & Saha [4] examined the role of renewable energy along with cascaded use of waste heat in energy intensive industries. Further, Moroga et al. [5] surveyed the energy and environmental policies adopted by various regions in Japan highlighting the importance of solar power generation as well as energy saving projects for realizing a sustainable society. An industrial case study by Zahara [6] focuses on the application of sustainability in the sugar industry in Indonesia. The utilization of waste and side products of sugar production (i.e. sugarcane bagasse and molasses) was found to be economically attractive for producing various chemicals such as bioethanol and lactic acid etc. This study highlights the importance of value addition in process industries by waste utilization.
For Indian chemical industry, the need for carbon footprint labeling was recommended by Sharma [7] using lifecycle assessment of industrial energy consumption in order to address global warming challenge. A study on energy conservation in textile industry was reported by Dhayaneswaran and Ashokkumar [8] indicating significant energy saving potential by optimization of motors and process parameters. Similarly, Madlool et al. [9] provided a critical review on energy use in cement industry with recommendations for energy saving through improvements in grinding process and waste heat recovery.
To estimate energy use and carbon emissions from writing, tissue and craft paper production in India, the energy auditing of a typical paper industry (Orient Paper Mills) located at Amlai, Shahdol, Madhya Pradesh, India has been presented in this paper. Energy saving opportunities for this industry have also been identified through this study.
Methodology
The paper production plant i.e. the Orient Paper Mills, taken as a case study as mentioned above, has three major outputs: writing paper, tissue paper and craft paper. The raw-material input to the plant is bamboo and eucalyptus chips ob- 
here, the suffix "pm" refers to a particular paper machine.
2) Specific CO 2 Emissions (SCE) [2] :
Annual CO emissions tonnes co Specific CO Emissions Annual production tonne paper here EF refers to the carbon emission factor of the energy consumed. The CO 2 emission factor for coal as reported from the plant is 1.65 tons CO 2 /ton of coal; the carbon content of coal being 45% with its calorific value as 4000 k Cal/kg (i.e.
MJ/kg).
The energy and process flow diagrams of the plant are shown in Figure 1 and 
Data Collection and Analysis
The overall paper production and energy use data obtained from the plant are presented in Table 1 and Table 2 respectively. The specific energy consumption (SEC) and specific CO 2 emissions (SCE) of paper from quarterly production data is presented in Table 3 . From Table 3 , the average SEC of the plant is evaluated as 34.3 GJ/ton paper with an average SCE as 3.4 tons CO 2 /ton paper. Almost the entire energy consumption of the plant is in the form of coal. The use of furnace oil is only marginal, as it is only used for lighting of the boiler furnace.
Hence furnace oil energy has been neglected in the energy audit. 
Energy Saving Opportunities and Payback Period
In general, many opportunities exist in a process industry for saving of electrical Open Journal of Energy Efficiency and thermal energies. The pulp & paper industry also presents opportunities for both types of energy savings. However, the focus of this study was on electrical energy saving, because any saving of electricity (high grade energy) translates into 3 -4 times saving of primary thermal energy. The electrical energy saving opportunities, which were examined in this study are given below:
Replace Mill Water Pump with New Correct Size High Efficiency Pump
The discharge rate of mill water pump is 
Install Variable Frequency Drive (VFD) for Drinking Water Supply Pump
As per the water demand which varies during the operation time in the plant, one of the sustainable solutions is to use variable frequency drive pump instead of constant speed drive pump. It may reduce the electricity consumption up to the 6.25 kWh e as shown below:
At least 30% energy saving is possible through this measure i.e. 6 
Replacement of Steam Driven Boiler Feed Pumps by Electric Driven Pump
In the plant, two boiler feed pumps (i.e. one electric driven & other steam driven) are currently operated in parallel mode. The power consumption detail of 
Replace Existing Low Efficient Induced Draught (ID) Fans with New High Efficiency ID Fans
Existing parameters for ID fans in power boilers 1 and 2 (PB1 and PB2) were 
Electrical Control Rooms Are Provided with Lighting Control Switches at Entry Door for Power Saving
In 
LED Lighting for Bamboo Yards in Place of 400 W Metal Halide
In Estimated investment = Nil (only adjustment of delivery pressure valve is required).
Combined Benefits of Energy Conservation Measures
Total annual electricity savings from the above listed measures is estimated to be approximately 5.5 million kWh e . This is equivalent to saving of coal consumption by 3500 tons per year i.e. a reduction in fuel consumption by about 3.5% as Open Journal of Energy Efficiency well as reduction of carbon emissions by 5775 tons of CO 2 per year.
Further, with an estimated purchase cost of coal being Rs. 4000 per ton of coal (Source: Coal purchase cost reported from plant), the monetary benefit of the above measures will be approximately Rs. 14 million per year.
Conclusions and Recommendations
The average specific energy consumption of a typical paper production unit in India is evaluated as 34.3 GJ/ton paper. It may be noted here that this also includes energy consumption for wood chipping and pulping. The associated specific CO 2 emission was evaluated as 3.4 ton CO 2 /ton paper. It was further observed that the tissue paper production is much more energy intensive compared to writing and craft paper production.
Several energy conservation opportunities were identified to provide electrical energy savings worth Rs. 14 million per year as well as carbon reduction by about 5800 tons of CO 2 per year. Practically all the energy saving measures examined had a payback period of less than two years.
Further energy conservation opportunities and their potential may be explored through the deployment of solar hot water/steam generation systems to meet at least the partial thermal energy requirement of the plant. This will help in further reduce carbon emissions from the plant.
